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1 Introduction 
Many research groups have extensively investigated 
electrical potentials and magnetic fields of the brain 
evoked by painful stimuli [1,2,3]. It is believed that 
changes in the waveforms of early components, i.e. 
the components at latencies less than 90 ms are 
related to sensory aspects of pain perception. The 
later components such as the electric N150 and P250 
are ascribed to the appraisal of the painful stimulus 
[4,5]. We investigated magnetic fields and electric 
potentials evoked by stimulation of the median or 
posterior tibial nerve in patients suffering from 
chronic neuropathic pain [6]. Usually, magnetic 
field measurements require fewer trials for 
averaging to obtain a sufficiently high signal-to-
noise ratio than measurements of the electrical 
potentials. Moreover, they offer a better spatial 
resolution of the underlying sources. In the course of 
our study some of them underwent spinal cord 
stimulation. Electrical stimulation of the spinal cord, 
SCS, is a well-known technique for the alleviation 
of chronic pain. This method of control pain level 
facilitates measuring procedure. The responses to 
the stimulation of the healthy and injured sides were 
compared. For patients who underwent spinal cord 
stimulation , responses measured before SCS were 
compared with the responses after SCS. An 
enhancement of the responses of the injured side, 
similar to those reported by Flor et al. [4], was 
observed in all of our  patients.  

2 Methods 
Magnetic field measurements were carried out in a 
magnetically shielded room using a multichannel 
magnetometer. The component of the magnetic 
induction perpendicular to the head was measured. 
The signals from the magnetometer were amplified 
and filtered by a high-pass digital filter at 0.1 Hz and 
a low-pass filter at 450 Hz. Signals from the 
electrodes were amplified and fed through the same 
filters as the signals from the magnetometer.  
To avoid long measurement sequences magnetic 
measurements were carried out whenever possible. 

During measurements the patients were given no 
specific task to perform, but were asked to stay 
awake with their eyes open.  
The electrical stimulus was applied at the ankle or 
wrist. Square-wave constant current pulses with 
duration of 0.6 ms were applied. The stimulus rate 
was randomly varied between 0.9 and 1.2 Hz. The 
amplitude of the stimulus was slightly above the 
motor threshold (about 7 mA) producing a painless 
twitch and sensation of the thumb or the big toe. 
Off-line averaging was done for 200-300 responses. 
Brain responses to median or posterior tibial nerve 
stimulation were examined in patients who suffered 
from a proven neuropathic unilateral (traumatic) 
pain. For patients with implanted spinal cord 
stimulator the measurements were carried out 
before, immediately after SCS, and again after a 
longer period of SCS. 

3 Results 
The responses following median and tibial nerve 
stimulation of the healthy side of the patients were 
similar to those of the healthy subjects. However, 
the responses following stimulation of the painful 
side differed substantially. Extra waves were 
observed or the amplitude of the pain related waves 
were enhanced by a factor 2 to 3. For all the 
patients, amplitudes of both the magnetic and the 
electric responses at a latency of 90 - 100 ms after 
stimulation of the median nerve were increased 
compared to those in the control group. The 
responses after stimulation of the posterior tibial 
nerve were increased mainly at latencies of 115 and 
150 ms. This increase was manifested mostly as an 
additional wave with an amplitude of about 400 fT 
in the channel with highest response. In source 
analysis the waves peaking at latencies of interest 
were compared with the 40 ms wave. The equivalent 
dipole at a latency of 40 ms is presumed to be 
located at the highest and most medial portion of the 
postcentral gyrus, in areas 1, 2 and 3b (Fujita et al., 
1995; Wikstrom et al., 1997). For this reason the 
location of this dipole is used as a reference for the 
equivalent dipole found at the latencies of enhanced 



responses. The measurements obtained from patients 
A, B and C are presented below. 

Patient A: a 47-year-old female who after the 
accident suffered from pain at the ankle. The right 
superficial sural nerve was transected and embedded 
in the fibula. The sensation both on the back of the 
right foot and laterally in the area of the sural nerve 
was lowered. Responses to the posterior tibial and 
median nerves were examined while the patient was 
in pain. Magnetic responses to posterior tibial nerve 
stimulation measured over the contralateral 
hemisphere are shown in figure 1. Responses to the 
injured (red lines) and responses to the healthy side 
stimulation (blue lines) are superimposed. The 
responses of corresponding channels in both records 
are about the same at latencies of 40 ms, 60 ms, and 
75 ms but they are different at latencies of 110 ms 
and 150 ms.  These waves can also be seen in the 
responses of corresponding channels after 
stimulation of the healthy leg.  However, the ratio of 
the amplitudes of the responses of the injured side to 
the corresponding responses of the healthy side is 
high. An ANOVA performed on the data showed 
that the differences are statistically significant, 
t=4.05 and p<0.0001.  
 
 

 
Figure 1: Magnetic evoked responses after tibial 
nerve stimulation when patient is in pain; red line 
- injured leg stimulated, blue line - healthy leg 
stimulated. 
 

The additional waves at the latency 110 ms and 150 
ms, which are absent in the responses to the tibial 
nerve stimulation of the healthy leg were not 
observed when patient was pain free.  

Patient B:  a 69-old male who suffered a trauma of 
the hand, that the fourth and fifth radius were 
amputated. Operations to the hand and the digital 
nerves failed to relieve his pain. The patient 
complained of hyperpathia, allodynia, a shooting and 
burning pain. The evoked magnetic fields after 
median nerve stimulation of the injured hand, 
measured over the contralateral hemisphere, are 
shown in Fig. 2. This figure ilustrades the 
diminishing of pain after aplication of spinal cord 
stimulation (SCS). Records are for the same point 
above the contralateral hemisphere. The first trace 
was recorded when the patient was in pain. One can 
see an additional wave at a latency of 100 ms. The 
second trace was recorded after 7 minutes of SCS, 
the third after 20 minutes, and the fourth after 30 
minutes of SCS and the patient was pain free. The 
additional wave at a latency around 100 ms 
observed in the first trace was diminished after 
starting of SCS, and is absent when patients is pain 
free. In the pain free condition the 100 ms 
components in the responses to median nerve 
stimulation of the right hand were not enhanced in 
comparison to those of the left hand. 
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Figure 2:  The magnetic responses of the brain 
after median nerve stimulation as a function of 
the SCS  
 

 
Patient C:  a 50 year old male with damage to the 
left ankle. His complains consisted of persistent pain 
at the medial side of the ankle and in the foot, 
stiffness and disability to walk. After SCS (entrance 
electrode between L2-L3 and the four electrode tips 

Before SCS 
After 7 min SCS 

After SCS  

After 20 min  



over Th10) and  paraesthesia in the area of the pain, 
he experienced pain relief. Responses to posterior 
tibial nerve stimulation of the injured leg were 
measured before, and after 30 minutes of SCS, when 
the patient reported to be pain free. Responses after 
tibial nerve stimulation for patient in pain (before 
SCS) and after SCS (patient was pain free) are 
shown in Figs. 3. When the patient was in pain an 
increase of the amplitudes at latencies 110, 150 and 
210 ms was observed. The activity at the latency of 
150 ms is the most prominent for this patient and 
may be considered as an additional wave. This 
additional wave is diminished after starting SCS. 
 

 Figure 3: Responses after tibial nerve 
stimulation of the patient C: red lines patient in 
pain, blue lines after 30 minutes of SCS and 
patient reported to be pain free. 

In all other patients (twenty five) a statistically 
significant enhancement of the responses was found 
after stimulation of the painful side. The highest 
enhancements were found at a latency of about 90-
100 ms after simulation of the median nerve and at a 
latency of about 150 ms after stimulation of the 
tibial nerve. Source analysis showed that the above 
described waves are generated by different sources 
in the brain. 

4 Discussion 
Somatosensory evoked responses for all patients 
with traumatic neuropathic pain showed additional 
waves during pain perception. These waves ware 
found at latencies of  90 - 100 ms after stimulation 
of the median nerve  and of 115 - 160 ms after 
stimulation of the tibial nerve. The additional 
activity was also observed for the  patient who 
suffered pain of undefined cause, previously 
considered as a psychological pain.  In patients, who 
underwent spinal cord stimulation, the additional 
waves disappeared once the patient was in a pain 
free condition. For chronic pain patients additional 
waves appears to be related to the perception of pain 
and this may offer an objective way to assess this 
kind of pain and study the effects of spinal cord 
stimulation. 
There is a great need for an objective method for the 
evaluation of pain and spinal cord stimulation 
applied as a therapeutic method.  For some patients 
this treatment is successful but for about 30% of the 
patients this therapy gives no positive results. At the 
moment there is no objective method which can help 
to make a decision to apply such a therapy. The aim 
of the reported study was to find a method which 
can assist diagnostic procedure and the results 
reported give us reasons to believe that such a 
method may be available.  
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